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Dur ing N ovember—D ecember ii ( , n H u x  re se~irc.. ~~~~~Ih~~ L !Jas
conducted at Marineland , Florida . he experiment was sponsored by the
National  Aeronautics and . p a ~ e A. lnistr~ttien (NASA) and the Jet Pro-
pulsion Laboratory ( J P L ) ,  and u~is len ign ed  te  test instrumentation that
will  be used onboard the ~EA~ X — ~ satel l i te  te be launched in 1978.
This satellite is des ign ed  to çr v i i e  al l—weather  global monitoring of
sea—surface temperature , significant wave height and surface wind speed
and direction.

As a part of this larger SEASAT—A experiment , it was decided to
obtain wave and nearshore current data collected in accordance with

~ 
0..., techniques developed under the Littoral Environment Observation Program

~~~~ (LEO). It was hoped that these visually obtained data could be coin—
pare f with wave data obtained from both a wave rider and a seasled and
that neasurements obtained at one LEO site could be correlated with

a 
observations taken at similar nearby sites. Also, it was hoped that

LU the validity of timewise extrapolation to determine surf conditions for
the peried prior to and/or subsequent to a given visual observaticn

~~u.1.1 be established . A nunber of’ observers were recruited in an
a tt e m~t t~ gather information on the influence of observer bias on the
re cii t ~~ i~ ta.

~~~~~~ ‘he s i te  selected for the experiment prevented accomplishment of
all cf the  original objectives of the LEO portion of the experiment .
rhe .‘.~r relatively close observation sites were notably different in
the~ r physical characteristics making the correlation of observations
between adjacent sites extremely poor. When instrument wave data were
.~btai ried , there was generally fair agreement between observations and
measurements. Surf conditions were observed to change appreciably over
fairly short periods of time , a fact borne out by available instrument
measurements, Consequently , the use of a single observational data set
t~ characteri ze surf conditions over a one day period was not found
to be a satistactory representation.

INTRODUCTiON

A pre— launch experiment of the SEASAT—A satellite system was con-
ducted in the coastal area of Marineland, Florida located on a barrier
island approximat ely 60 miles south of Jacksonville , Florida. The

Civil Engineering Technician , Evaluation Branch, U.S. ArSW Coastal
Engineering Research Center, Kiogman Building, t. Belvoir , VA 22060
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experthen~ was sponsored by the National Aeronautics and Space
Aimin iatration (NASA) and the Jet Propulsion tL~ rat ry (JPL) and was
design ed to teat instrumentation that will be launched in 1978 aboard
A~A?—A . This satellite is designed to provide all weather global

mcnitc ring of sea surface temperature, sea surface topography and sur—
face wind speed and direction. (Dunne , 1o71).

The .~east Ll Engineering Research Center (Ck F~C) was requested t e
partL-ipate in the experiment by representatives of JPL with the object-
ive c: ccilectin.~ information on waves ,currents t o :  w i n f a  in the near—
socre cene . For CENC to accomplish this objectivu tw programs were
use I in the offshore zone from a point seawari ~ f t e  breaker zone to
the l i m i ts  of’ the continental shelf. The first , used a sea sled w i t h
i n s t rum e n t a t i on to measure wave heights and currents across three prc~
files from the shore l ine  to a depth of’ 30 feet approximately 1/2 mile
from shore. The second program was t e  use of local observers to visu-
ally estimate breaking wave characteristics and nearshore currents at
several locations along the shoreline. These visual estimates were made
‘using techniques developed under the Littoral Environment Observation
(LEO) Program (Berg, 1968; Bruno and fflipakka , 1973). This report
addresses the data collected under the LEO phase of’ the field experi-
ment. Particular emphasis is given to -he comparison of LEO data col—
ie~tof at several observation points.

Observations made under the LEO techniques include estimates of
breaking wave height , wave period , wave direction at breaking and
breaker type; wind speed and direction at the shoreline ; and longshore
current speed and direction.

OBJECTr~/Es

To evaluate the reliability and variability of data collected
using LEO techniques ,this short experiment was intended to make as
many concurrent observations as practical at selected sites during the
period 1 to lft December 1975. The original objectives were to analyze
the collected data to:

a) compare results of equally qualified observers making measure-
ments under nearly identical conditions ;

b) determine the variation or accuracy that could be expected in
extrapolating one LEO measurement up to approximately 8 hours fr om the
time of the measurement;

c) determine the variation in results that could be expected if
the LEO site had been established some distance upcoas t or downcoast
from the established position of the site ; and

d) compare results of instrument measured breaker characteristics
and currents based on sea sled measurements versus visually observed
breaker characteristics and currents.
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I r E  Lu CA I’ IcND

:i rmtllcj, unless a special need can be demonstrated , LEO sites are
l e s t e e in ‘trees wh ere  there sf0 no natur a l  or manmade structures that
may i,ciJ,ly inf luence  the behavior  of waves and curreots. However , for
t Oe ; resent experiment it was not possible to select unobstructed s i t es .

A l t e r  u: insp ection c: the study l imits , i t  was determined that
‘ c u  LE. sites ‘coul i be established for purposes of tf:e experiment . The

I ~c ttioi of these si tes , termed “North ” , “: t a li un ” , “Quali ty ” , and
ore mo wn in Figure 1.

The “Dor t i ” site was located 800 feet north of the “: tadiwn ” s i t e
51:, w as the Site farthest away from any eoa~ta. obstruct ions.  This
sit e las a gently sloping beach back ed by sand dunes 15 feet in height .
A groin t~prcxi ete1y 300 feet in length which was completely exposed
at l~~W tile , was located 600 feet to the south.

The “Stadium” and “Quality” sites were located in an area compart~r i ente l by a rubble—mound seawall and a rubble—mound groin system.
here  were numerous stones on the beach at the “Quality” site due to

fa i lu r e  of the r u b o i e — c oj c : d  seawall. The dist ance between the
i i i w~” and “~ u a i aty ” c it e s  was l3Sj feet.

At the “iouth ” si te , located 1000 fee t downcoast of t h e “ Quali ty”
C : t C  t: Cre \Jas a natural  outcrop of’ coquina rock on the beach .

l’velve volunteer LE) observers were trained and their performance
monitored in an attempt to insure proper and uniform collecting methods .
The experiment design called for observations at 2 hour intervals begin—
n m ’  at 0800 and ending at i ) ) ) .  However , the availabil i ty of trained
observers r~ d~ cej the actual schedule of simultaneous observations to
1 L I , 1200 and l1tOO hour s .

DATA COLLECT ION

Wind observ ations included i cti: speed and direction. At the
“N orth ” , “Quali ty ” and “ outh ” s i teS , wind speed was determined by
using a hand—held wind  met er . The meter was held at eye level and into
the wind . :irect on was measured by noting the octal compass direction
from which the wi ld was b lowing .  At the “Stadium” site wind speed and
di rect ion were measured w i t h  a anemometer mounted approximat e ly 30 feet
ab ove mean sea level.

I s erve r s  were ins t ruc ted  to determine average breaker height  by
using the “h orizon s ight ing  method ” described by Bascom , l96~t . Observ-
ers measured the distance from the estimated still water level (SWL) to
eye level , when the level line of sight to the horizon jus t touched the
top of the average breaker.  The recorded breaker height  was this
measurement plus ten percent , to account for trough depth below the SWL .

Breaker period was recorde d as the time ( in  seconds ) it took for
11 wave crests (10 complete waves ) to pas s a fixe d stationary point .
The f irst  crest was the starting time and the 11th crest the stop time.
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The angle of wave approach at breaking was determined by using a
protractor, held horizontally with the 0°—180° line oriented parallel
to the shoreline. The observer sighted along the protractor to
estimate , to the nearest degree , the direction from which the breaking
waves wers approaching the shore. If waves were approaching from
several directions the observer was instructed to record the most pro-
minent direction of approach . Estimates of surf zone width were facil-
itated by placing a buoy near the seaward edge of the normal surf zone.
Surf zone width was then estimated during each observation using the
known distance to the buoy as a reference.

Longahore current velocity was measured by using fluore sein dye.
Velocity was determined by measuring the distance in feet that the dye
patch moved during a one minute interval . The current direction was
recorded as a +1 if the dye moved to the right (south) and a —l if it
moved to the left (north), for an observer facing seaward.

RESULTS

The resulting data set consists of 199 observations collected by a
total of 12 observers from the 14 sites. The fewest number of observa-
tions (214 ) were collected at the “South” site. Table 1 summarizes the
number of observations taken at each site . This table suggests that
the least amount of variation due to observer bias (ratio of number of
observations to total number of observers) can be expected at the
“Stadium” si te, while the greatest amount of variation due to observer
bias can be expected at the “South ” site. The “South ” site also has
the fewest number of observation days. No observations were made at
this site for the 10th , 11th , and 12th of December.

Winds. A high pressure system dominated the weather pattern during
the entire experiment , with a weak cold front moving through the area
on the 8th of December. Wind speeds were less tha n 15 miles per hour
and wind direct ion was variable. Wind roses for the 14 sites , presented
in Figure 2 , do not show similar trends . The wind dat a from the
“Stadi um” site , which were collected from the tower—mounted anemometer ,
are assumed to be the best representat i on of actual conditions . Since
wind dat a from the other 3 sites were measured near sea level using
hand held anemometers , they are more susceptible to the effects of near -
by topogr aphy and structures. This is particularly true for the
“Quality” site which is directly seaw ard (east) of a five—story build—
1mg. Virtually no directly offshore wind was measured at this site.
The frequency of offshore winds appears to be higher at the “North ”
site , since a low foredune is the only interference to offshore winds
at this site . All 14 sites experienced little or no wind directly from
the south. The small percentage of southerly wind observed at the
‘ Quality” site is probably caused by turbulence in the wake of the
building during offsho’~- wind conditions . This may also be the caus e
of the unusually high percentage of norther ly wind s observe d at that
site. It does not , however , explai n a similar percent age of northerly
wind directions at the South Bite .

The longahore vector component (speed time s the cosine of the
direction angle) was computed for each wind velocity measurement at
the “Stadju~ ” site and compared with the longahore component of
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s imultaneous measurements at each of the :ti er t I ree s i tes . The t e s t
corr e la t ion  was ,~~ ‘erved between the ‘Ot adi on ” and “South ” s i t e s  ( 1 .75)
and the worst  was between the “F t adium” and “Quali ty ” sites ( ‘ .53).

L~aves. The ho r i zon—sigh t ing  l iot l iod  used for Ir e r s u r i n t  Lr r :uC e r
height r e su l t ed  in nearly identical  e~~tj r r itei  w i l d  s i l C O i t i O I 0 0 0 S , in 10—
pendent ooaervat ions were nude st a s ingle wave at 1~ s i te .  t owever ,
wh en independent est imates of t t se  “ average ” b reaker height u s i n g  the
same t echnique were corp-are), the results were more variable , O c i r ly
simultaneous est i rsate s  of “ v i r a g o ’ breaker height  va ried by more than
a factor of 2 between s i t es . ‘omput e d correlat ion coef f ic ien t s  indicate
that there was little or no correlation between sites for simultaneous
“average” breaker heigh t observations (—1.27 to 0.10). C orre la t ion was
also poor between simultaneous wave period observations (—0 ., li to ~ .i t ) .

icily averages of breaker height , period and direction are plotted
i n i’ igur es  3 , -. , in s ~~, Mean value s for the 2 weeks are listed in
Table . Breaker height s over the two weeks ranged from 1.5 to Is . ,i fee t
with a two week average height  of 3.i P se t .  Breakers tended to be
somewi at higher at the “South” site .

‘i; of the days when LEO data were being taken , concur ren t  wave
meas sre~i,e r ’t5 were made using a di f f e r e n t i a l  pressure wave gage mounted
on the seasled (Teleki , Mus i alouski and Prins , 1976). Measurements
w ere sale in tue  rsears;r~ re region , including the breaker zone , along
range l ines  located at the “South ” and “Quality ” sites and 350 feet
sou th  of the “Stadium” s i te . Si gn i f i c a n t  wave height  and p e r i o d  were
o it a i r . e d  from spec t ra l  analysis of 5 r,inute—records (i~ 14 data points
e a c h ) .  These data are included on Figures 3 and 14. Instrument data
conf i rm the var iabi l i ty  recorded by the LEO observers. l i gn i f i can t
heights measured at the “Stadium ” si te varied from .5 feet to 2.~. feet
in less than  1 hour. Si~ iificant period measurements , which were made
varied by is muc; as n7~ in an interval of only 10 minutes. A 30 a 1 it ’ i—
t ive ‘issessr’:ent of breaker conditions dur ing  the experiment in d i c a t e d
that the variability in the visually observed breaker L e) g ht  is real,
although there is undoubtedly observer bias  in  selecting w h i c h  wave , or
set of waves , to  measure as the “ aver - l i e ” breaker he ight .  Due to the
i n t e r a c t ion  of mult iple  wave—tra ins , waves were generally observed in
sets six or seven h i g h e r  c re s t s  f - h owe 1 ty - series of lower waves .
:he ‘ir , -er waves tended t ;  tress s ’r’,,s j j s t , , f l S , ,  Pr ’ irs shore and reform to
break ;g’tir, c loser  t .;; sre , l o s e  r o— ‘ m t  scIon t iry waves would
of ten  i n ter f e r e with i l i i t~~’ a i l y — L  “ a s ; a ’  I rw er  W ives if l i  r e sO lt  in  con-
fused ssrf i l l i lt i S. .

4 tve ti recti ;r; it bre ak i r g , i - o  ,- n-r,saiv 3- se rved  t -  be wIthin
~~~~

‘ i f  ‘1 51 cr - — , ’ r r r ’ l  ‘i~) r ~~:n ( L  .,- ,re . There was a no table shi  f t
ii wave i i” , ”. - 

t :  t i e  ricrt:, ’ - o t , r r I ~ December wi th  breakers re-
p r t ’  I at 200 t i  300 Pr rs a ch r a— r,~~rma 1 i~ pr oacil i t  the  “Stad ium” s i t e .

Lunga h ire l or r sr ;t  . in c att r~~t t .  I t a l y  t : e f f e c t ~ i f  s i te
van ibi i i  ty i n  I ;u g sr ,  Ir e l a r  r ut: , sir ;; i t u ~;,e~~;~ indi vidual me asurements

t i e  I s - s r  re c r r r t  we i s s  ty at each s ta t ion  were c r r ~ are s. Since
tri:; is a t i r e  t re- ao ;r emcr ;t  of t :~~ r ite at which a dyed patch of water
is moving, it  was felt l i t  these 1- a t - i  w a i l  b e least suscept ib le to; a. : . i f  i r l i v i  u, ’i~ r r n ’ l s 1 ’ - : a t i o n s  were h igh ly correlated

-— 
~~~~~~~~-5~~~~~~5~~~~~~~~~.n=c5
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between cites , th en the i nf l u e n c e  of s i te  O I a b i l I t y  on the r i e ar s i c re
.,co-s er v ations c o u h - t  be asswse,i to be lu a u . The -i s erve l c :rr, lciti on
iet ,eer ;  s imultaneous c,c tc serv at i ons U -i s  4~~i t I 15-U , 1 .,w e v em .  ‘~ rre~~a t ion
s o e - f fi c i en t  ranged Pros; a low of — . Sw- -in the “ ‘ t ’a d i s , ” and “0 i t t r ”
s i te to a high c f  1 .37 oetw,.-eu; the “

~~ 
- i i i  t v ’ - ir; d “ t - a d i c c t ” S i t e .

Wh en daily mean current  “elo-I ti _-s - ir e comput el P r  e ast, ,; i t ’ - ,
souse t r e n d s  are - ap p a r ent .  Ot ;es e t at  a are si .  cUrs 114 i’i ‘SI C .
aver age  current - I i n e c t j r , 4_ v er s e  1 at Ic- S t  r t ine:  t u r i n  I
sent; or. the ,tnd , 1 tu  sr i-a ‘( to of , c - ’c- P r .  , total o 15 l r l i i - i  I l i i i
revers als i n d i rec t ion  wc- r e  u s e  rye at  ‘ n - ” : .rt ” S i  Si .

Ihe use r-a -c c a r r - e r 4 t  sp e e d  ( re ’ar t ies s  of i~ r e s t l o r ) f ur  the  t hr e e
Ci tCc ’,’al ’ . -, 4 ‘S / - S e . - . ,h e  I4 ~~,tO er :-srre : t were :-,e,as - ,rest it th e  “ . 1 -r tn ”
s i t e  a c l  were si r eet e d  n:-r t ; c- l r ’ I . L ee at  t i e  i rti ” s it e were i i

- C l  er cen t  t i i gn er  :: n t n o - ive r’a -e t t ; cn  t hose  v,e is-ur e.i at  t i e  3 cth-sr
site ,. The :;ig~;est ye c ’ ; v e i s  , 4 _ I  I 1 ll’iI ~~ 5 : 1  exper :’ter ;t was 2 ft/sec

n or tn  at the “ L,_r ’ to ” site. d c  west csr-rdr;t ci  de li were
c as 54_ c. : at the “_ d i i  i t ’ S it , ’ , a d  r ’igi n -  . :5 :e: - :1 - : .

A p r ~ b l e~ r i o t e d  by one observer was  t ha t  the beach sl-s:-c Was SO low
it 1/ ~zir;elan-: (about 20) th-st  it  was o ft e  14 di f l i s u i t  to t h r o w  the  dye

p - a ~ se t  f-ar enough o a t  i n t o  the active surf zone. The observer concludes
t o - it  tie lye r -~ i s b iy  i n d i cat es  the  d i r e c t ion  of the longshore csr r ent
‘1 u , b u t  d~ cn I; ‘I a ccur a t e ly  ref lect  the  average current spe c

n~~r ’e— p: i r ’elie~ currents were also measured by s1,,d—vo-onte t current
re ters . Onese d a t a  are included cia - i s ’ : ’  . W i t h  tile e xsept i o ; ,  of
5cn -s:aore . - ur r cn t  ds i t . -a  meas sr s- d on ttse l1it : i , there is close ‘agn ecrent
o c t U c en  t ; ,ose currents s e i S Or,c I from the beach and those measure-)
P a r t ner  fr ,rs ,ch crc , A v e r ag e  c ir r en t  speed measurements on ti ,~ li t1;
we r e t n ., ‘eve for the  LEO coa t s eau l e - I  ob s e rv a t i s r ; s , but :1 re-c u :rs s are
‘ips ’ir .-nt . i y r e - s - r o e - I . Breaker  dIrect ion o b s e r v at i o n s  were co n f l i c t i n g
sit the “. rt:. ” :~~te , u u i l c h  was the  only LEO site a c t i v e  on the 1- tb ,
and ranged — - i lt ern ’a te ly — from ad degrees north of shc re — n cr s , a l  to
5 leer- cs s astu , of  a shore—norma l ,ap; rcc i ch angle . The s - s s t ie a ct e r ly
a j r  r ash angle i believed to be a more reliable ob serv - st i on .  A -

I i r i s  c n of in . j I - ,- i l u ~~. o b s e r v a t i ons rs~’ breaker  di rect icrs  arid longshore
cu r-enf . velocity re su lt ed  i n no -app- tr out  corre la t ion for  tne Pa-sr
s i t e-s ( ~orrel,ation coefficient ci ’ — ) .. d J d ) .  The co r r e l a t i o n  between

~~~
gs:

~sre current velocity and an ener~~’ l’lus fact...r (including breaker
t ; e ig : ; t  and lirectiu r ;) was .~r-ly s l ight ly  improved (cor re la t ion  coeff ic i-
ent if  0 . . ) .  A S i b  s I - t t ~~cr. of average icily breaker directions and 

- srr’a;t longshore cu r r en t  - I i  r ec t ions  is presented in T .at ie 3,

i~10.lAiiY & oc:icL’;:l~~:i;

d;e LEO measurements described herein were taken in conjunction
with a larger experiment desi~~sed to test the instrurneratation for 

~.— A; c-cr.se .j aeri tly, factors other than the present experiments ’ needs
g~- -,’err;e-d the selection of a test site. As it turned out , the four
-‘t .verv.-ation stations at the Marineland site were poor locations to
carry out a definitive tELl experiment to meet the orginally proposed 

-‘--- - - -~~~~~~~~ —-‘ -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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objectives. The presence of groins at two of the observer locations
and the outcrop of coquina limestone at a third made the spat i al
variability of observed breaker heights and nearshore, wave induced
currents very high. The presence of groins especially influenced the
characteristics of the longshore currents and resulted in poor Cor-
relation between observations at adjacent observation sites.

Measurements of breaker height taken using LEO techniques compared
well with measurements taken using a pressure type wave gage mounted
on a sea sled. The fact that the LEO breaker heigh ts were usually
greater than the gage wave heights could be attributed to some extent
to wave shoaling between the gage and the breaker zone .

The observed variability in surf conditions over short periods of
time (on the order of a few hours ) indicate that only one observation
per day at a given site may not be Sufficient to adequately describe the
wave conditions characteristic of that day. That this variability is
real and not the result of observer error , was borne out by comparison
of the LEO data with gage data for those t ime periods when the gages
were operable. The vari ability would not , however , preclude using the
data in a statistical sense , that is , a uniformly—spaced—in—time
sampling of a ran domly varying phenotnenin.

No conclusions regarding observes bias can be drawn from the
experiment . Individual observers at .arious sites changed during the
course of the experiment due to uncontrollable circumst ances and a
given observer may have taken observations at a number of di f ferent
sites.

There is a need for additional experiments of this type if  visually
observed data are to be a useful tool for coastal investigations ;
however , tighter control over experimental conditions needs to be
exercised , particularly in the selection of a test site.
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